We report Aspergillus delacroxii (formerly Aspergillus nidulans var. echinulatus) causing recurrent prosthetic valve endocarditis. The fungus was the sole agent detected during replacement of a mechanical aortic valve conduit due to abscess formation. Despite extensive surgery and anti-fungal treatment, the patient had a cerebral hemorrhage 4 months post-surgery prompting a diagnosis of recurrent prosthetic valve endocarditis and fungemia.
Introduction
Aspergillus species are rare causes of endocarditis with Aspergillus fumigatus being reported most frequently [1, 2] . However, the role of filamentous fungi in endocarditis may be underestimated because standard blood culture techniques offer unfavorable conditions for growth, and even when a blood culture isolate is obtained it may be misinterpreted as a contaminant if additional evidence is lacking.
We here present a case of recurrent prosthetic valve endocarditis caused by Aspergillus delacroxii (formerly Aspergillus nidulans var. echinulatus). The patient had a replacement of the entire aortic root and the aortic valve due an aneurysm of the ascending aorta and aortic valve regurgitation. Postoperatively, closure of the sternum split was delayed by bacterial infection, and after two months an aortic root abscess was diagnosed. A. delacroxii was an unexpected isolate from peroperative biopsies.
Extensive revision surgery and implantation of a bioprosthesis was supplemented by anti-fungal therapy, a recurrence was diagnosed four months later by echocardiography and positive blood cultures.
Case
A 35-year old man in good general health was admitted to Aalborg University Hospital with a 1-month history of dyspnoea and a systolic murmur. Transoesophageal echocardiography (TEE) revealed an aneurysm of the ascending aorta and severe aortic valve regurgitation. There was no family record of Marfan's syndrome or other hereditary diseases. The entire aortic root and the aortic valve were replaced by a mechanical valve conduit (St. Jude, St. Jude Medical, St. Paul, MN, US) (day 0), and the patient was discharged day þ5. He was readmitted with fever day þ17, and a CT-scan revealed accumulation of pericardial fluid. A sternum split was performed, and 7 peroperative samples were obtained of which 3 revealed coagulase-negative staphylococci (CoNS) (pericardial fluid, pericardium (fibrin) and subcutis). Antibiotic therapy was commenced and directed by the antibiogram. Repeated TEE revealed no signs of endocarditis, but an echogenic structure was seen in the transversal pericardial recess between the left atrium and the aortic wall. The patient remained febrile during treatment with vacuum-assisted closure (VAC) of the sternum split, and antibiotic therapy was adjusted several times to account for changes in the antibiogram of CoNS. The patient was closely monitored for infection of the conduit using echocardiography, computed X-ray tomography (CT), and leukocyte scintigraphy. On day þ75 a definitive diagnosis of endocarditis was established by TEE showing an aortic root abscess cavity communicating with the left outflow tract.
The patient was immediately referred to the Department of Cardiothoracic Surgery at Rigshospitalet, Copenhagen, and two days later (day þ77) he underwent extensive revision and implantation of a Freestyle s bioprosthesis (Medtronic, Minneapolis MN, US) and a short Hemashield™ tube (Atrium Medical Corporation, Hudson NH, US). Peroperative samples were negative on bacteriological culture, but biopsies from the aorta graft and an unspecified site revealed growth of A. delacroxii; three additional samples (aorta, pericardium, and sternum) were negative on mycological culture. Voriconazole was instituted (maintenance dose 300 mg b.i.d.), and antibacterial therapy covering CoNS was maintained. The trough voriconazole plasma level (2.3 mg/L) was within the target range [3] . The patient had a rapid postoperative recovery, and voriconazole treatment was terminated day þ 119. TEE on the day before ( Fig. 1, left) and transthoracic echocardiography (TTE) on days þ136 and þ 153 left no suspicion of endocarditis.
On day þ212 (125 days after replacement surgery) the patient had a sudden cerebrovascular insult. An MR scan revealed an 8 Â 8 cm hematoma within the right hemisphere communicating with the ventricular system and a mass effect. The condition deteriorated rapidly and a craniotomy was undertaken to evacuate the hematoma and alleviate intracranial pressure. Due to these circumstances no microbiological investigations were ordered, but two blood cultures drawn the next day were negative. The patient made a significant recovery, and between days þ216 and þ219 investigations included two additional blood cultures, bacteriological culture of cerebrospinal fluid (CSF), bacterial 16S rRNA gene amplification (CSF), and an aspergillus galactomannan assay (CSF), all being negative. Meropenem was administered for two weeks on suspicion of a nosocomial bacterial infection.
On days þ230 and þ234 (i.e. 18/24 days after the cerebrovascular insult) two blood cultures revealed growth of a filamentous fungus. The fungal isolates five months apart were confirmed to be A. delacroxii by classical macro-and micromorphologic examination [4, 5] . Further identification was performed by β-tubulin and calmodulin gene sequencing as previously described [5, 6] . Sequences of both genes matched the respective genes of A. delacroxii CBS strain no. 120.55 (341/342 bp (99.7%) for Genbank accession numbers: AY573553 (BTUB) and 440/440 bp (100%) for EF591677 (CMD): AY573553).
Susceptibility testing was done using Etest (AB bioMérieux, Herlev, Denmark) and RPMI 2% glucose agar buffered with MOPS (SSI Diagnostika, Hillerød, Denmark) for amphotericin B and caspofungin; the EUCAST EDEF9.1 reference method was followed for itraconazole, posaconazole, and voriconazole [7] . Susceptibility breakpoints have not yet been established for the A. nidulans complex (see Section 3) except for itraconazole (S:r1 mg/L and R:42 mg/L), hence EUCAST epidemiological cut off values (ECOFFs) were used to determine if the isolate was a wild type or not: itraconazole ECOFF 1 mg/L, posaconazole ECOFF 0.5 mg/L, and voriconazole ECOFF 1 mg/L. MICs (minimum effective concentration (MEC) for caspofungin) for the aorta/blood isolates, respectively, were for amphotericin B 0.5/0.5 mg/L, caspofungin r0.032/ 0.047 mg/L, itraconazole 1.0/0.5 mg/L, posaconazole 0.125/ 0.125 mg/L, and voriconazole 0.5/0.25 mg/L, respectively. Thus, the MICs and the MEC for caspofungin were within the wild type range for both isolates and all compounds, suggesting no presence of acquired resistance.
Concurrently with the relapse, TTE demonstrated vegetations on all 3 cusps (Fig. 1, right) and an aortic root abscess cavity. A serum sample was positive for aspergillus galactomannan.
Combination therapy with liposomal amphotericin B and voriconazole was instituted and thereafter maintained. Consultation with the Department of Cardiothoracic Surgery at Rigshospitalet concluded that surgical intervention would not be possible. Five blood cultures drawn after start of the combined treatment were negative. However, TTEs revealed progressive destruction of the aortic valve. Eighty two days after the diagnosis of endocarditis the patient (day þ 312) suffered a Pseudomonas aeruginosa bloodstream infection likely to originate from the urinary tract. The patient died a week later (day þ 317).
Discussion
Aspergillus taxonomy has changed significantly in recent years due to new tools for classification and identification [6] . Nonetheless, nomenclature has remained perplexing especially for clinicians, among others due to the use of separate names for the sexual and asexual stage. Fortunately, a single name principle, irrespective of the fungus' life history, has been adopted in a new code of nomenclature [8] . As a consequence the name A. delacroxii was given to the current species in 2014 while retaining the Fig. 1. Transoesophageal echocardiograms obtained on day þ 118 (left) and day þ 238 (right) . The slender cusps of the aortic bioprosthetic valve were transformed by bulky vegetations during the 120 days' interval.
former names A. nidulans var. echinulatus (asexual form) and Emericella nidulans, var. echinulata (sexual form) as synonyms. The name honors a French physician, Édouard Georges Delacroix (1858-1907), who devoted his life to mycology and plant pathology.
Due to the novelty of the name, only the synonyms have been used in the few existing clinical and mycological reports [9] [10] [11] . A propensity for A. delacroxii infection has been recognized among patients with chronic granulomatous disease (CGD) [12, 13] , but no other risk group has been delineated.
To our knowledge, only two cases of A. delacroxii infection have been reported in detail. A patient with CGD had a lung infection with direct spread to the spine and costae [14] , and a patient with diabetes and bullous pemphigoid treated with high dose prednisolone had invasive pulmonary disease [15] . Both patients responded to antifungal therapy in combination with other relevant therapeutic measures.
Our patient's history did not suggest any congenital or acquired immunodeficiency, and there was no explanation for the sudden debut of aortic valve insufficiency. Aspergillus endocarditis is an acknowledged risk in patients undergoing cardiac surgery [16] . We have no definite source of the fungus, but the sternum split is a likely portal of entry because bacterial mediastinitis necessitated prolonged treatment with a VAC system. Other studies have previously drawn attention to dissemination of conidia through the air in operating theaters [17] . However, knowledge of the occurrence of the A. nidulans complex in hospital environments is fragmentary. A Portuguese study found the complex to account for 3 of 80 environmental Aspergillus isolates from air and surfaces in three wards with high-risk patients [11] . We are not aware of comparable Danish data, but a prospective multi-center survey of Aspergillus isolates from respiratory tract specimens identified a single patient colonized with the A. nidulans complex [18] .
The unexpected finding of A. delacroxii as the sole microbial agent at the time of replacement surgery led immediately to initiation of voriconazole. Antifungal therapy was terminated after 6 weeks because surgical debridement was deemed to be radical, the prosthesis had been replaced in toto, and the patient was immunocompetent. Despite an interval of 18 days between the positive blood cultures and confirmation of endocarditis by TEE we find the causal role of A. delacroxii to be convincing; we suspect the cerebral hemorhage to result from a thromboembolic event, but fungal vasculitis cannot be ruled out. Of note, the cerebral hemorrhage happened after discontinuation of anticoagulation therapy.
Conclusion: This casuistic report demonstrates that A. delacroxii can cause a chronic surgical site infection involving prosthetic material, and the fungus may persist after extensive revision surgery and exchange of the prosthesis. Prolonged antifungal treatment may be warranted even in immunocompetent hosts.
